Seed dispersal and predation are key processes affecting the colonization and extinction of populations in fire-prone environments. If these processes influence distribution and abundance, rare species may be expected to have less seed removal and/or greater seed predation than common congeners. I compared seed removal and predation under plants in two closely related pairs of fire-sensitive common and rare Persoonia species with fleshy fruits in two replicate populations of each species. Seed removal by macropods was significantly greater in the two common species (>50% seeds/plant) than in their rare congeners (<25%). There was no overall effect of rarity on seed predation by rodents, but there were significantly more seeds of the rare Persoonia mollis subspecies maxima eaten than of the other three species. Plant size was the only attribute measured that was significantly correlated with seed removal (r ¼ 0:50). After including plant size as a covariate in the analysis, I still detected a significant effect of rarity on seed removal. High levels of seed removal were sustained in both small and large populations of the common Persoonia lanceolata, suggesting that population size may not be contributing to the differences between these common and rare species. The common-rare difference in the seed removal of Persoonia species seems robust across several plant and population attributes.
Introduction
Processes operating on seeds (e.g., dispersal and predation) play important roles in population dynamics, particularly in landscapes dominated by disturbances (such as fire). In addition, seed dispersal is a central process in recolonization after disturbance events. Frequent fires may result in reduced populations sizes and plant densities, increased population fragmentation, and even localized extinctions in fire-sensitive plants (Bradstock et al. 1996; Keith and Tozer 1997) . The persistence of populations in fire-prone habitats may be influenced by seed predation, which limits the availability of seeds for postfire recruitment (Auld and Denham 2001) . The importance of seed dispersal and predation in affecting population dynamics and shaping the distribution and abundance of plants is well established (Loveless and Hamrick 1984; Cain et al. 1998; Rey and Alcántara 2000; Kameyama et al. 2001 ). However, few empirical studies have explored their potential role in plant rarity (Pirie et al. 2000; Simon and Hay 2003; Scott and Gross 2004) .
The causes and consequences of rarity (based on geographic range size, local abundance, and degree of habitat specificity; Rabinowitz 1981) are almost certainly complex, and studies on rare taxa should be conducted at multiple spatial scales (Hartley and Kunin 2003) . This is particularly important when exploring the extinction risk associated with plant rarity (IUCN 2001) , given that the importance of factors influencing colonization ability and population persistence may vary from local to regional scales (Froborg and Eriksson 1997) . In interpreting impacts, it is essential to take account of both individual plant and site attributes to account for differences in animal foraging behavior (Alcántara et al. 2000) . Many plant and microhabitat attributes may also affect animal foraging activity, including plant size (Alcántara et al. 2000) , fruit quantity (Mittelbach and Gross 1984; Cummings and Alexander 2002) , plant density (Notman et al. 1996) , and vegetation cover (Manson and Stiles 1998) . At a larger scale, population size is likely to affect animal foraging behavior, leading to variation in the levels of seed dispersal and predation found within and among populations (Garcia et al. 2001 ). The relative importance of such attributes for plant rarity must be addressed through comparative studies.
Comparisons of closely related congeners with widespread and restricted geographic distributions have been used to understand the potential causes of rarity (Kruckeburg and Rabinowitz 1985) , minimizing the confounding effects of disparate phylogenetic histories (Silvertown and Dodd 1996) . This study employs such a comparative approach to test whether seed removal and seed predation differ between common and rare perennial shrubs in the genus Persoonia (family Proteaceae). I used seed removal as a relative measure of dispersal, assuming that the majority of seeds that were removed were not destroyed and were deposited in favorable sites. To estimate seed predation, I used the number of seeds eaten (i.e., destroyed) in situ, which may underestimate seed predation levels. I selected two pairs of closely related taxa (hereafter referred to as species) with sharply contrasting geographic distributions, on the basis of morphological and genetic characters (Weston 1995 (Weston , 2003 indicating that the two species in each pair are very closely related. One pair was Persoonia mollis R. Br. ssp. nectens S.L. Krauss & L.A.S. Johnson (common) and P. mollis ssp. maxima S.L. Krauss & L.A.S. Johnson (rare) . The other pair was Persoonia lanceolata Andrews (common) and Persoonia glaucescens Sieber ex Spreng (rare). These species pairs have similar plant structures and gross fruit morphology (Weston 1995; Krauss 1998) and occur in comparable dry, open, sclerophyllous vegetation.
Many of the species in the plant genus Persoonia that are listed as threatened (Australasian Legal Information Institute 1995; Australian Government 1999) are obligate seeders occurring in fire-prone habitats, suggesting that their response to fire may have been an important influence on their current status. However, some obligate-seeding Persoonia species are common and widespread, so this character alone cannot explain rarity. Current geographic distributions ( fig. 1 ) probably reflect differences between species in range contraction into refugia in the last glacial maximum and expansion thereafter (Krauss 1998) . These processes are dependent on colonization and extinction events. Plants in the genus produce fleshy fruits capable of being dispersed over relatively long distances (a few kilometers) by large mammals and birds (Rose 1973; Buchanan 1980; Lane 1999; McGrath and Bass 1999) . Given this, I proposed that a plausible explanation for differences in rarity among the obligate seeder species, which rely on seed to reestablish after fire, is that they differ in the level of seed dispersal and predation.
The primary objective of this study was to explore the relationship between rarity and seed dispersal and predation and thereby test my prediction that rare species have less seed removal and/or greater seed predation than common species. Seeds removed and eaten were used as indicators of the processes of seed dispersal and seed predation, respectively. I aimed (1) to determine the proportion of seeds removed and eaten in two common and two rare Persoonia species and (2) to explore the association of seed dispersal and predation with plant size, fruit quantity, plant density, and vegetation cover. Population size is typically a confounding factor when comparing common and rare species; the latter often have smaller population sizes, and therefore I also used one common species (P. lanceolata, found in small and large populations) to investigate the potential effect of population size on seed dispersal and seed predation.
Material and Methods

Study Species
The four Persoonia species chosen for this study are all erect shrubs that occur in southeastern Australia (Weston 1995 (Weston , 2003 and are obligate outcrossers (Rymer et al. . Effective pollination is provided by a solitary bee species, which provides more visits to flowers of the common species, resulting in greater reproductive success than their rare congeners (Rymer et al. 2005) . Persoonia species produce fleshy fruits (drupes) that are variable in size and shape, maturing in late spring after a summer flowering the previous year (Weston 2003) . All the Persoonia species investigated in this study drop their fleshy fruits to the ground after they have matured. Both species in pair 1 (Persoonia mollis ssp. nectens and ssp. maxima) drop fruits that are firm, round, and bright green in color. In pair 2, the fruits of Persoonia lanceolata are firm, elliptical, and bright green and partially red in color when they drop, while Persoonia glaucescens fruits are more narrow and pointed and deep red in color. The fruits of all species ripen while on the ground, becoming initially softer and darker red in color. After 2-3 wk, the flesh starts to dry and the epidermis turns black, and all fruits are dry and black after 4 wk.
I conducted a preliminary study in November 2000 to determine the timing of seed removal and predation and the potential agents responsible in sites of several Persoonia species (including all the study species except P. mollis subsp. maxima). Seed removal and predation are not mutually exclusive processes, and both occur predominantly between dusk and dawn. I found seed removal to be confined to the 4 wk following fruit drop before the flesh becoming dry and black. The majority of seed predation also occurred within these 4 wk, but I observed seeds to be eaten over a longer period of time (up to 11 mo or until the seeds are covered by litter/ soil). Macropod marsupials (Wallabia bicolor and Macropus rufogriseus) were the main agents of seed removal, while rodents (Rattus fuscipes and Rattus rattus) were the main seed predators (identified through fruit/seed remains, scats, and tracks). Both are common in the Sydney region (New South Wales National Parks and Wildlife Service Atlas database). Seed removal by large birds (currawongs) and seed predation by mammals (possums and wombats) cannot be excluded, but these agents left little evidence behind. Macropod scats collected within the study sites contained intact and viable Persoonia seeds (ranging from 0 to 8 seeds/scat during peak fruiting), confirming that they are potential seed dispersal agents rather than seed predators. The scats of rodents contain fragments of woody endocarp of Persoonia species, indicating that they are seed predators Denham 1999, 2001 ).
Comparison of Common and Rare Species
For each of the two common and rare species, I selected two study sites in which seed removal and predation were estimated. Sites were chosen that contained relatively large populations (>100 plants) with no history of anthropogenic disturbance (>50 m from roads or any development) within the core of the distribution of each species. Because no locations were found where the study species co-occurred in large enough numbers to conduct this work, separate study sites were used for each species (table 1) . Within each site, 20 fruiting plants were selected. Criteria for selection were that the canopy did not intersect with adjacent plants and that all mature fruits could be removed from the canopy, in order to control fruit numbers beneath the plant. Under each plant, five fruit caches of 10 mature fruits (confined within a 0.1-m diameter PVC ring partially pushed into the ground, with 1 cm protruding from the ground) were established in November 2001, representing fruit densities and patchy distributions similar to those naturally found under relatively large reproductive plants (ranging from 10 6 6 seeds/0.31 m 2 for the common species to 6 6 5 seeds/0.31 m 2 during peak fruiting). I revisited individual caches of fruits every week for 4 wk. I searched the area within the ring and its immediate surroundings (;20-cm radius) for intact seeds, evidence of fruit/ seed remains, and animal scats, tracks, and diggings. Seeds remaining intact were recorded as remaining, and seeds that were cracked or chewed open with the embryo missing were recorded as being eaten. Seeds that could not be relocated after 4 wk were recorded as being removed. Seed removal and predation were estimated as the number of seeds missing and eaten, expressed as a proportion of the number of seeds initially placed in each cache and a proportion of seeds remaining after removal, respectively (thereby making these factors independent and uncorrelated, R ¼ 0:09).
I used a multifactor mixed-model ANOVA (performed in MINITAB, ver. 13.1) to test the hypothesis that seed removal and predation differed between common and rare species. The ANOVA was constructed with rarity (common and rare) and pair (species pairs 1 and 2) as fixed factors. The two sites were used as replicates for each pair 3 rarity combination (two sites/combination 3 four combinations ¼ eight sites). Site and plant were nested factors, with site being nested within the pair 3 rarity combination and plant being nested within site (within (pair, rarity)). Because the raw data were expressed as proportions, I transformed them using an angular transformation to conform to the distributional assumptions of the analysis (Zar 1999 ). Tukey's post hoc HSD test was used to determine which combinations were significantly different in seed removal and predation. The a level was corrected for multiple comparisons using a Bonferroni correction (Underwood 1997) . The levels of seed removal and predation was compared between years for those sites that were used in the pilot study (P. mollis ssp. nectens site 1, P. lanceolata sites 5 and 6, P. glaucescens site 7) to determine the level of temporal variation using a two-way ANOVA (with site and year as factors).
Plant Size, Fruit Quantity, Plant Density, and Vegetation Cover
For the plants monitored for seed removal and predation in 2001, I recorded several plant and microhabitat attributes, except for plants at two sites (Galston Creek and Buxton; see table 1) where only plant size was measured because of time constrains. I made the following measurements: plant size (height, width at widest point, perpendicular width, and basal diameter at ground level), fruit quantity (the number of fruits under the plant canopy), local plant density (distance to nearest Persoonia plant and number of Persoonia plants <5 m away), and vegetation cover (percent ground cover under plant canopy, recorded as 12%, 25%, 37%, 50%, 62%, 75%, 87%, and 100%).
I used a multiple regression to test whether seed removal and predation were related to any of these variables (plant size, fruit quantity, plant density, and vegetation cover). For variables that were highly correlated with each other, one was selected on the basis of biological interpretation (i.e., for plant size, volume was included and basal diameter was omitted to simplify the analysis; r 2 adj ¼ 0:643). Variables that produced a relationship significant at a ¼ 0:05 were used in a regression model, and the linear relationship is reported. These variables were then used as covariates in further analyses. I performed separate regressions for common and rare species using the variables that were significant in the model that used all four rarity 3 pair combinations.
I used an ANCOVA to test whether the covariates accounted for any potential differences in the main factors (rarity and pair). In addition, the number of seeds removed under a plant was significantly correlated with the number of seeds eaten (n ¼ 154, r ¼ 0:35, P ¼ 0:001). Consequently, I also included the proportion of seeds eaten as a covariate in the ANCOVA on seed removal (and vice versa). An ANCOVA was performed with the covariate preceding the main factors in the model statement (covariate, pair, rarity, covariate 3 pair, covariate 3 rarity, pair 3 rarity, covariate 3 pair 3 rarity, site) using a Type I (sequential) sum of squares. None of the interaction terms between the main factors and the eaten covariate were close to significant (P > 0:45), so to simplify the removal ANCOVA, I have removed them from the final analysis. Some plants could not be measured for all the covariates during the field season, resulting in unequal numbers of plants at the various sites in the ANCOVA, which complicates the analyses. In the F ratios, the denominator is a linear combination of several mean squares, and its degree of freedom is not an integer.
Effect of Population Size
To explore the potential effect of population size, which usually differs between the common and rare species (table 1), I tested whether levels of seed removal and predation varied between large and small populations in the common P. lanceolata. Using the experimental setup described above, I established two additional sites comprising small populations of plants (Bola Heights and Ulloola Track; equivalent in size to populations of the rare P. glaucescens) to compare with the large populations at Moore Track and Bundeena. I determined the size of populations on the basis of the size of the vegetation unit (Sandstone Heath) with which P. lanceolata is associated (D. A. Keith, unpublished data) and field observations. All four P. lanceolata sites are located within Royal National Park and are separated by areas of relatively undisturbed natural bushland.
I used an ANOVA to test for differences in seed removal and predation between small and large populations of P. lanceolata. Population size was fixed, and site was a nested random blocking factor. Plant (nested within site) was a random factor. Because the raw data were expressed as proportions, I transformed them using an angular transformation to conform to the distributional assumptions of the analysis (Zar 1999) .
Results
Comparison of Common and Rare Species
More than 50% of the seeds were removed from all sites for the common species, while sites for the rare species had less than 25% removed. Seed removal varied between sites of 1154 INTERNATIONAL JOURNAL OF PLANT SCIENCES both common and rare species (fig. 2a) . The two common species had significantly more seeds removed from under plants after 4 wk than their rare congeners (rarity F 1; 4 ¼ 13:92, P ¼ 0:020; table 2). This pattern was consistent for both species pairs.
Pair and rarity effects on seed predation depended on each other, indicating that the rarity of the species did not consistently determine seed predation levels (pair 3 rarity F 1; 4 ¼ 80:47, P ¼ 0:001; table 2). Overall, the percentage of seeds eaten after 4 wk was similar for common and rare species (mean 6 SE ¼ 38% 6 8% and 38% 6 16%, respectively), but this varied within each pair and within each rarity category ( fig. 2b) . A post hoc comparison (at an overall level of significance of 0.001) of seed predation found that Persoonia mollis ssp. maxima (50%-51%) had more seeds eaten than the other three species. Persoonia mollis ssp. nectens (10%-17%) had levels of seed predation similar to those for Persoonia lanceolata and Persoonia glaucescens, but P. glaucescens (5%-10%) had significantly fewer seeds eaten than P. lanceolata (12%-24%).
These patterns of seed removal and predation were consistent between years, on the basis of a subset of sites explored in the pilot study (one site of P. mollis ssp. nectens and P. glaucescens, and two sites of P. lanceolata). Differences between species and sites were greater than those observed between consecutive years (df ¼ 1, P > 0:25) ( fig. 3 ).
The multiple-regression analysis revealed that only plant size was correlated with seed removal, and none of the other attributes measured were significantly associated with either seed removal or predation (including fruit quantity, plant density, and vegetation cover). The proportion of seeds removed was significantly correlated with plant height (n ¼ 153, r ¼ À0:38, P < 0:001) ( fig. 4 ), but the linear relationship only explained a small proportion of the total variation across all species (r 2 adj ¼ 0:189). Slightly more variation was explained in the common species (r 2 adj ¼ 0:229), but there was no relationship in the rare species (r 2 adj ¼ 0:004) (fig. 4) . The common species were on average shorter and had greater seed removal than their rare relatives (table 3) .
Plant height had some value in predicting seed removal within a site and species (plant height was squared to account for nonlinearity) (ANCOVA F 1; 4:9 ¼ 9:27, P ¼ 0:029). However, even when plant height was accounted for in the ANCOVA, plant rarity remained a significant factor (F 1; 4:5 ¼ 28:40, P ¼ 0:004; table 4).
Seed predation was not associated with any of the site and plant variables measured (plant size, fruit quantity, plant density, and vegetation cover); however, it was significantly correlated with the number of seeds removed (n ¼ 154, r ¼ 0:35, P ¼ 0:001). Including seed removal as a covariate in the analysis testing the effect of species pair and plant rarity on 
Effect of Population Size
The proportions of seeds removed under P. lanceolata plants were similar in large (54% 6 8%, 80% 6 7%) and small populations (66% 6 9%, 76% 6 8%) (F 1; 4 ¼ 21:29, P ¼ 0:804; table 5). Similar levels of seed predation were found in large (24% 6 8%, 12% 6 8%) and small (26% 6 9%, 16% 6 8%) populations (F 1; 4 ¼ 8:23, P ¼ 0:103; table 5). Seed removal showed variation between sites of both large and small populations ( fig. 5 ).
Discussion
This comparative study explored the association between seed dispersal and predation in plant rarity using two pairs of closely related common and rare species. This allowed me to test my prediction that rare species have lower levels of seed dispersal and/or greater seed predation than common species, potentially explaining the different levels of rarity (Gaston and Kunin 1997) . I found that common Persoonia species had more than twice as many seeds removed (and therefore potentially dispersed) than their rare relatives in both species pairs ( fig. 2a) , supporting my prediction. These differences between sites were consistent between years, on the basis of a subset of sites explored in the pilot study ( fig. 3a) . In addition, this pattern of dispersal confirms the results of a genetic analysis indicating that common Persoonia species have greater levels of gene flow between populations (Rymer and Ayre, forthcoming). Plant size and population size differ between common and rare species, potentially confounding this comparison; nevertheless, rarity still had a significant effect on seed removal even when these attributes were accounted for in the analysis. Furthermore, the common Persoonia species studied here have been found to have greater reproductive success than their rare congeners (Rymer et al. 2005) , indicating that the proportion of the total fruits produced being dispersed will be much greater for the common species. Seed predation, on the other hand, was not related to rarity or to any of the plant and microhabitat attributes measured, and it appeared to be unaffected by population size. There was, however, significantly more seed predation in the rare Persoonia mollis ssp. maxima than in its common relative (Persoonia mollis ssp. nectens) ( fig. 2b ), but the other species pair did not fit with my prediction. These findings have implications for plant rarity.
The Spatial Scale of Foraging Animals
Animal foraging behavior may vary at different spatial scales (Kollmann 2000) , depending on a range of plant and site characteristics. I found that seed removal by large mammals (macropods) and seed predation by small mammals (rodents) varied significantly between sites. The plant-scale attributes measured here may not explain the variation between sites. Although plant size was associated with seed removal, it explained a relatively small proportion of the total variation. Plant size is often thought of as a surrogate for fecundity, Fig. 3 Mean proportion of seeds removed (a) and eaten (b) in caches under adult plants after 4 wk, across years for sites of Persoonia species. Fig. 4 Relationship between seed removal and plant height in common (diamonds) and rare (squares) Persoonia species. The solid line represents the line of best fit for the common species (y ¼ À39:181x þ 58:181; r which has been found to have a strong relationship with seed removal and predation (Casper 1988; Herrera et al. 1994; Delgado Garcia 2002) , with an obvious link to animal foraging behavior. The weak relationship of increasing plant size associated with decreasing seed removal in common species ( fig. 4 ) may reflect satiation of seed removal agents in larger plants, if such larger plants have larger fruit crops. In this study, individual plant fecundity and local plant density were not related to seed dispersal and predation, but mammals may be responding to these factors at a larger spatial scale (i.e., site or populations). I found no effect of population size on seed removal or predation in the common Persoonia lanceolata within a relatively continuous natural landscape. While the small populations selected were of equivalent size to those of the rare relative of this common species (Persoonia glaucescens found in fragmented agricultural landscapes), differences in habitat connectivity and the quality of the surrounding matrix may have consequences for seed dispersal and predation (Guariguata et al. 2000; Hewitt and Kellman 2002) . Future research needs to link mammal foraging behavior to landscape and local-scale attributes to gain a better understanding of the underlying mechanisms influencing the variation in seed dispersal and predation.
Common-Rare Differences
Seed dispersal and predation are important factors influencing colonization and extinction events, thus potentially determining the distribution and abundance of species. Relatively few studies have explored the role of seed dispersal and predation in plant rarity. A small number of wellreplicated comparative studies using groups of unrelated species have failed to find any relationship between dispersal mode and geographic range (Kelly and Woodward 1996; Hegde and Ellstrand 1999; Murray et al. 2002) , suggesting that dispersal mode alone cannot explain rarity. Studies looking at closely related species with similar dispersal modes have had mixed results. Pirie et al. (2000) , for example, found that seed removal and predation by rodents did not differ between a congeneric widespread and endemic species pair (after accounting for differences in seed availability), whereas Scott and Gross (2004) found lower seed predation by ants (when mammals were excluded) in a common species than in its rare congener. While these studies may minimize potentially confounding differences by using related species (Silvertown and Dodd 1996) , they lack spatial replication and only investigate a single species pair. A review of the literature was unsuccessful in finding other comparative studies exploring this relationship, and my study may be the first to use replicated common-rare comparisons (two pairs of closely related species), with some spatial replication (two populations) for each species. Clearly, more research with adequate replication is required to test the generality of the potential relationship found here between plant rarity and seed dispersal for fleshy-fruited plants.
Effect of Dispersal on Rarity
Where populations are prone to extinction through disturbance (e.g., frequent fire), species with a high capacity to recolonize areas would be expected to cover a greater proportion of the landscape (e.g., Froborg and Eriksson 1997) . Fire is a major disturbance in many habitats throughout the world (Whelan 1995) and is particularly regular in the fireprone sclerophyllous vegetation on the east coast of Australia. In this landscape, populations of fire-sensitive plants are vulnerable to extinction (Bradstock et al. 1996; Keith and Tozer 1997) and may contract into fire refuges (i.e., areas with more optimal fire frequencies) during periods of persistently frequent fires. These fire refuges may provide a source of seed Note. Data for a comparison of the proportion of seeds removed from experimental caches under adult plants after 4 wk in closely related (pair) common and rare species (rarity) across populations (site), accounting for seed predation (eaten ¼ arcsin f½seeds eaten=ðtotal seeds À seeds removedÞ 1=2 g) and plant size (height 2 ). Removal data ¼ arcsin ½ðseeds removed= total seedsÞ 1=2 . Site was a nested random factor. The adjusted MS and the sequential MS were both used to estimate the effect of including the covariates in the analysis. Statistically significant P values are underlined. (Keith and Tozer 1997) . Thus, the persistence of populations in fireprone landscapes may be dependent on the species colonization ability. Assuming that fruit removal is positively correlated with colonization ability (Valverde and Silvertown 1997) , the higher levels of fruit removal found in common Persoonia species compared with rare Persoonia species ( fig. 2 ) could explain the different geographic distributions and local abundances observed in these fire-sensitive species within this fireprone landscape. To test this hypothesis, it would be necessary to determine whether increasing fruit removal increases the probability of reaching a suitable site.
Effect of Predation on Rarity
Seed predation limits the availability of seeds for postfire recruitment (Auld and Denham 2001) and therefore influences the persistence of populations in fire-prone landscapes (Regan et al. 2003) . I found seed predation to vary between species, with no consistent pattern between common and rare species. The high level of seed predation I found in the rare P. mollis ssp. maxima may limit the number of seeds contributing to the soil-stored seed bank (<50% seeds). The other three species had a similar predicted contribution to the seed bank (75%-95% combining seeds removed and those remaining under plants) but different proportions of seeds found under (local) plant canopies and dispersed (away) from parents. In fact, the number of seeds available to contribute to the local seed bank was greater for the rare P. glaucescens than for the other three species (where P. mollis ssp. nectens > ½P: mollis ssp: maxima % P: lanceolata). This has implications for the ability of species to persist under different fire regimes; however, the response of the soil seed bank to different fires is poorly understood (Edwards and Whelan 1995; Regan et al. 2003) , and this complexity requires further investigation.
Conclusion
These results indicate that seed dispersal is limited in rare fire-sensitive Persoonia species, but without an understanding of the fate of seeds, it is difficult to quantify differences in the colonization ability between common and rare species. Documenting long-distance dispersal events is not easy through traditional ecological methods (tracking the movements of dispersal agents and collecting dispersed seeds in the landscape), but it may be possible through the combination of molecular markers with detailed field studies. For obligate seeders, there is a direct link between seed predation and the availability of seeds for postfire recruitment, but the complexity of persistent soil-stored seed banks (where residual seeds remain viable through consecutive fires) creates uncertainty in predictions for the persistence of populations. This is further complicated by the high degree of spatial and 
